Midwives in Ontario, Canada, provide care to low-risk women in a model of continuity or case-based care whereby a woman is attended by the same small group of midwives throughout pregnancy, birth, and the postpartum period. Women who meet selective criteria have the choice of a hospital birth or a planned home birth.
privileges at their local hospital(s), and access to other health care providers for consultation or transfer of care as required. Two midwives are in attendance at births either in the home or in the hospital. The regulatory body, the College of Midwives of Ontario, sets out eligibility criteria for a home birth: women with twin, breech, or medically complicated pregnancies; with more than one previous cesarean section; or with gestation less than 37 weeks or more than 43 weeks at labor onset are ineligible. The college also prescribes the prenatal, intrapartum, and postpartum conditions for which consultation and transfer of care to a physician are mandatory (1, 2) . Random practice audits are undertaken by the College of Midwives to ensure that standards and regulations are followed.
We sought to compare the outcomes of home and hospital births to inform the midwifery profession and the wider obstetric community, because birth at home remains controversial (3) (4) (5) (6) (7) (8) (9) , and practitioners are subjected to criticism for attending home births (10) . Although a single study cannot provide a definitive conclusion about the relative safety of birth setting, we thought it was important to assess the relatively recent experience within Ontario.
Evaluating the outcomes of home births poses several challenges. Because adverse outcomes are infrequent, large samples are needed to detect important differences; however, the number of births occurring at home is not large in most Western countries. Studies of home birth have been limited by sample size (4, (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) ; absence of a comparison group (15, 18, (20) (21) (22) (25) (26) (27) (28) (29) (30) ; comparison with care provided by other practitioners (17, 23, 24, 29, 31, 32) ; use of self-reporting survey methods (25, 27, 30) ; or inclusion of both planned and unplanned home births (31, 33) .
Midwifery care in Ontario is part of publicly funded health care in the province. All midwives are required to submit a "client tracking form," which includes prenatal, intrapartum, and postpartum information for each woman in care. A database of midwifery care has (34) per year were reported in Ontario, with midwives attending about 8,600 (6.6%) births annually. Actual home births accounted for 1.6 percent of the total provincial births and 25 percent of midwifeattended births (35) .
The purpose of this study was to compare maternal and perinatal/neonatal mortality and morbidity and intrapartum intervention rates for women attended by Ontario midwives who planned a home birth, compared with similar low-risk women who planned a hospital birth between 2003 and 2006.
Methods
The Ministry of Health database of midwifery care was used to undertake a retrospective cohort study of 13,384 midwife-attended births that occurred between April 1, 2003, and March 31, 2006 , to compare the outcomes for all women who planned a home birth (n = 6, 692) at the outset of labor with a comparable low-risk group of women who planned a hospital birth at the outset of labor. All outcomes were analyzed according to the planned place of birth irrespective of actual birth setting. The groups were matched with respect to parity and previous lower segment cesarean section. Midwives registered with and regulated by the College of Midwives in Ontario attended all births included in the study. Ethics approval for the project was received from McMaster University Research Ethics Board.
Selection of Study Groups
Women discuss with their midwives their preference for place of birth at several points during the pregnancy, and a Evidence from other data fields that care was organized for a hospital birth. b Planned home birth seemed unlikely but could not be ruled out by information available; all records indicating oxytocin induction. c Home birth occurred. this information will be documented on the client medical record. The data form provides information about the planned location of birth when labor begins, since intervening situations and changes of preference can modify the initial plan. For this study, the planned home birth group included all client records where "planned place of birth at the outset of labor" was "home," "other out-of-hospital location" (Ontario offers no formal out-of-hospital alternative settings to home birth, such as birth centers), or "undecided," because in any of these situations the occurrence of the birth outside the hospital was a possibility. To detect possible coding errors for the planned place of birth, we carried out logic checks to identify the records with contraindications to planned home birth or records with interventions that were inconsistent with home birth (oxytocin induction of labor) or in which an antenatal transfer of care to a physician was documented. Two experienced midwives independently used an algorithm, developed a priori, to decide whether to include the record in the main analysis, permanently exclude the record, or reserve the record for the sensitivity analysis ( Fig. 1, Table 1 ).
The comparison group was derived from the remaining records in the data set from the same time period, all of which indicated that the hospital was the planned place of birth at the outset of labor. To ensure a low-risk cohort comparable to the planned home birth cohort, we removed all the records in which a home birth would have been contraindicated (had it been planned), or in which a prelabor intervention had occurred that was inconsistent with, or unlikely at, a home birth. Thus, from the planned hospital group, we excluded the records with more than one previous cesarean section, breech presentation, multiple pregnancies, preterm delivery prior to 37 weeks' gestation, oxytocin induction of labor, prostaglandin cervical ripening, or any antenatal transfer of care to a physician.
To minimize the risk of bias, we stratified our current low-risk hospital records on parity (0 or 1) and on previous cesarean section (none or one), and from each strata selected a random sample of records matching the groups on parity and previous cesarean section (36) .
Outcomes
Our primary outcome was a composite measure of perinatal and neonatal mortality or serious morbidity, defined as the presence of one or more of the following: death (stillbirth or neonatal death 0-27 days, excluding lethal anomalies and fetal demise before the onset of labor); Apgar score of less than 4 at 5 minutes of age; neonatal resuscitation requiring both positive pressure ventilations and cardiac compressions; admission to a neonatal or pediatric intensive care unit with a length of stay greater than 4 days; or birthweight less than 2,500 g. We note that although birthweight is not an outcome that can be a result of birth place, failure to screen adequately for extremes of weight can result in planning for an inappropriate place of birth. Thus, low birthweight was included as part of the composite. Perinatal or neonatal mortality cases that listed a lethal anomaly were independently reviewed by two authors blinded to group, and Other outcomes included maternal mortality, significant morbidity, rates of intrapartum interventions, and breastfeeding. We included any maternal death from a direct obstetrical cause (as determined by a provincial coroner's review of all maternal deaths) occurring between the onset of labor and 6 weeks postpartum. Significant maternal morbidity included blood loss greater than 1,000 mL or bleeding requiring a consultation with a physician; any infection after onset of labor requiring a consultation with a physician; any third or fourth degree laceration; and any postpartum transfer of care to a physician. Any situation requiring a consultation or a transfer of care was deemed to be a significant outcome because the indications for consultation and/or transfer of care are well defined by the College of Midwives of Ontario. So, whereas practitioners might typically underestimate blood loss greater than 1,000 mL, any symptomatic blood loss or transfusion would be captured in our analysis by including the consultation or transfer of care in the postpartum period.
Intrapartum interventions included rates of labor augmentation, use of any pharmaceutical pain relief, episiotomy and perineal trauma, assisted vaginal delivery, and cesarean section. Rates of infant feeding with formula supplementing breastfeeding or exclusive formula feeding were compared at 1 and 6 weeks of age.
Data Analysis
All the analyses were conducted using SPSS 15.0 (37). We used descriptive statistics to report baseline characteristics. Comparative analyses used chi-square and relative risk (RR) and 95 percent confidence intervals (CI). We removed the possible misclassified home birth records from the primary analysis and retained them for a sensitivity analysis of the primary outcome. We also conducted a subgroup analysis of nulliparas and multiparas using descriptive statistics.
Results

Data Cleaning
We found 7,037 records indicating that at the outset of labor, birth was intended to take place at home. Of these, we identified 419 records in which an intervention inconsistent with home birth was undertaken (induction with oxytocin [n = 164]) or a contraindication to home birth existed (breech delivery [n = 79], preterm labor [n = 86]), or an antenatal transfer of care had occurred (n = 90). These records were analyzed as described in Fig. 1 and Table 1 , resulting in 6,692 records for the primary analysis, and 6,947 for the sensitivity analysis. 
Participants
Once the records were classified, the planned home birth group comprised 6,692 women. A sample of 6,692 women was then randomly selected and stratified for parity and one previous cesarean section from the low-risk planned hospital group for the analysis. The groups were similar on baseline characteristics (Table 2 ). Most women were between 25 and 34 years of age, multiparous, and lived in the southern urban part of the province. More women planning home births (45.5%) had received care from a midwife in a previous pregnancy compared with those in the hospital birth group (34.8%).
Outcomes
Of 6,692 women in each group, 5,259 (78.6%) of those in the planned home birth group gave birth at home and 6,467 (96.6%) of those in the planned hospital birth group gave birth in hospital (Table 3) . Overall, 98.6 percent of newborns were born between 37 and 41 completed weeks of pregnancy (Table 4 ). The planned home birth group had more babies with a gestational age greater than 42 weeks (1.7% vs 0.8%). No maternal deaths occurred in either group. Women in the planned home birth group experienced fewer intrapartum interventions for each specific intervention studied (induction, augmentation, pharmaceutical pain relief, episiotomy, assisted delivery), including an absolute decrease of 2.9 percent in the rate of cesarean section (5.2% vs 8.1%, RR [95% CI]: 0.64 [0.56, 0.73]). Women in this group also had less perineal trauma and reduced incidence of blood loss greater than 1,000 mL. Intrapartum transfers of care from midwives to another practitioner (typically an obstetrician) were significantly fewer in the planned home birth group (12.5% vs 19.0%, RR [95% CI]: 0.66 [0.61, 0.71]) (Table 3 ).
Sensitivity Analysis
As described earlier, after completing the logic checks, we excluded from our primary analysis 255 records that were identified as women who were planning a home birth. Although we judged it unlikely that these records were truly planned home births at the outset of labor, we undertook a sensitivity analysis and added them to the planned home birth group, and reanalyzed our primary outcome. Inclusion of these additional records did not change the findings (Table 5) .
Subgroup Analysis
The results of the subgroup analysis are reported in Table 6 . In our sample, nulliparas were less likely to deliver at home, and had higher rates of ambulance transport from home to hospital compared with multiparas planning a home birth. Compared with multiparas, nulliparas in both the planned home and hospital groups were more likely to experience outcomes such as blood loss greater than 1,000 mL; experience 2nd, 3rd, or 4th degree tears; require consultation or transfer of care; and have interventions such as augmentation, pain relief, assisted vaginal delivery, and cesarean section. The rates of intervention and outcomes among nulliparas planning home birth were similar to, or lower than, among those planning hospital births. Neonatal morbidity and mortality was similar among all subgroups. Multiparas planning home birth were most likely to be exclusively breastfeeding at 6 weeks, followed by nulliparas planning birth at home. Nulliparas planning hospital birth had the lowest rate of breastfeeding.
Discussion
As expected in a low-risk population, overall rates of intervention, maternal morbidity, and perinatal/neonatal morbidity and mortality were low for both groups. With an overall rate of maternal mortality in Canada approximately 7 per 100,000 live births, it is clear that catastrophic events in the low-risk population are very rare, and that this study cannot address this issue (38) . Perinatal mortality rates in our study were 1 death per 1,000 live births in both groups. Statistics Canada reports a perinatal mortality rate of 6.7 per 1,000 in Ontario in 2003, and 6.3 in all of Canada (39) . This rate, however, includes outcomes for pregnancies of all risk categories, and is not directly comparable with the low-risk term population that is reported in our study. Our findings were comparable to, or lower than, those reported in 2002 of home birth in British Columbia, Canada, where the perinatal mortality rate reported for home birth group was 3.5 per 1,000 and for a similar group of physician attended hospital births 1.3 per 1,000 (14) . We found no increase in risk of adverse perinatal and neonatal outcomes in morbidity or mortality between groups, but we found significantly lower rates of intrapartum intervention and of serious maternal morbidity in the planned home birth group compared with the planned hospital group. With respect to the cases included in the sensitivity analysis, it is possible that desire for home birth at the outset of labor (despite a contraindication) is construed at times to be a "plan" for a home birth. We judged that for some of the 419 cases, where the data file indicated that home birth was planned at the outset of labor in the presence of a clear contraindication, some midwives might have erroneously entered responses to indicate that a home birth had at some point in the pregnancy been planned or desired. We believe that our careful categorization of the two study groups, our approach to these cases, and the sensitivity analysis minimize the overestimation or underestimation of the outcome rates for the planned home birth cohort.
Although the planned hospital birth group experienced somewhat higher rates of labor augmentation, epidural use, assisted vaginal birth, and an increase in cesarean section, the women's outcomes are reassuring. In considering explanations for the very favorable outcomes of the planned home birth group, we believe it is unlikely that variations in midwifery practice are responsible. The same midwives cared for both groups of women. When midwives provide care in the home, they may use different skills to enhance normal labor and birth, but it seems unlikely that such differences would extend systematically across the number of midwives who provided care to the study women. We cannot discount the possibility of biased reporting of outcomes for the planned home birth group, but audits of midwifery data forms compared with hospital records have not shown systematic underreporting of problems for women transported from home to hospital. In addition, one or more midwives are present for each birth, and typically a student is in attendance, so several individuals contribute to completing a client record.
It is far more likely that differences are due to the women themselves, since they self-select the planned place of birth. We noted no major confounders between the two groups; however, more subtle but important differences likely exist between the women planning home and those planning hospital births. In Ontario, midwives are already caring for a self-selected subgroup of the population who has selected midwifery care over the more typical obstetrical model. Women who plan a home birth are often more motivated to avoid interventions such as epidural analgesia, which reduces the potential for other interventions compared with other women (16) . A finding that supports the hypothesis of differences between the groups is the decreased rate of supplemented or formula fed infants at 6 weeks of age in the planned home birth group. It is also possible that multiparas in our sample who planned a home birth did so because they had an uncomplicated first birth, whereas those who experienced problems with previous births were more likely to choose a hospital setting. We were unable to verify this hypothesis, since we did not have access to actual medical records with detailed client histories.
It is also plausible that the setting itself influences the outcomes. Being in one's own home environment may go beyond mere comfort and enhance the very process of labor and birth. We found the 40 percent decrease in the rate of cesarean section, an absolute difference of nearly 3 percent, surprising and speculated about the possible influence of the hospital setting. Several hospitals in the province require that midwives transfer care to a physician according to institutional criteria, the result being more transfers than if criteria of the College of Midwives were followed. This factor is borne out with our finding of an increased rate of intrapartum transfer of care in the planned hospital group, and leads to a greater number of women having care in labor managed by hospital staff. Distress at losing a known midwife as the attendant, a more interventionist style of care, or both may contribute to an increase in assisted or operative births.
Conclusions
Whatever their relative balance, we conclude that multiple factors contribute to the decreased rate of interventions and of maternal morbidity we found in the group who planned home birth. Appropriate self-selection by the women themselves and good screening by midwives likely contribute to the observed results. A wellintegrated midwifery care system is known to have a positive impact on outcomes (40) , and it is likely that the Ontario context of self-regulation, good integration into the health care system with access to emergency services, and consultation and transfer of care when necessary also contribute to favorable outcomes.
